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DECCRirTION 

Attorney Docket No. 3 68 56.1413 

MULTILAYER CAPACITOR AND METHOD OF MANUFACTURING THE SAME 

To chni G Q 1 BAC KGROUND OF THE INVENTION 
1_. Field of the Invention 

[0001] : The present invention relates to a multilayer 

capacitor and a method of manufacturing the multilayer 
capacitor. More particularly, the present invention relates 
to an improvement in the structure of an internal electrode in 
the multilayer capacitor. 
Baclcground Art 

2. Description of the Related Art 

[0002] An equivalent circuit of a capacitor is represented 

by a circuit having C, L, and R connected in series, where the 
capacitance of the capacitor is denoted by C, an equivalent 
series inductance (ESL) is denoted by L, and an equivalent 
series resistance (ESR) is denoted by R. 

[0003] The resonant frequency (f 0 ) of this equivalent 

circuit is equal to 1/ [2n x (LxC) 1 / 2 ] and the equivalent 
circuit does not function as a capacitor in a frequency band 
higher than this resonant frequency. In other words, 
decreasing the value of L, or ESL_^_ increases the resonant 
frequency and, therefore, the equivalent circuit functions as 
a capacitor in a higher frequency band. 

[0004] For example, a decoupling capacitor, which is 

used in a frequency range of MHz and GHz in a power supply 
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circuit that supplies power to the chip of a micro processing 
unit (MPU) of, for example, a workstation or a personal 
computer, requires a capacitor having a lower ESL. For 
example, a multi- terminal capacitor 1 shown in Fig. 12 is 
known as a capacitor having a lower ESL- — ouitablc to ouch an 
application (for example, refer to Japanese Unexamined Patent 
Document l A pplication Publication No. 11-144996 ) . 

[0005] Fig. 12 is a plan view schematically showing the 

multi-terminal capacitor 1. 

[0006] The multi -terminal capacitor 1 has a rectangular 

prismatic main body 2. First external terminal electrodes 4 
and second external terminal electrodes 5, having different 
polarities, are alternately arranged on a side sur face 3 of 
the main body 2. In order to clearly distinguish between the 
first external terminal electrodes 4 and the second external 
terminal electrodes 5 in Fig. 12, the first external terminal 
electrodes 4 are shown by solid rectangles and the second 
external terminal electrodes 5 are shown by outline rectangles 
in outline only . 

[0007] At least one pair of first and second internal 

electrodes (not shown) that are opposed to each other so as to 
form generate an electrostatic capacitance is provided in the 
main body 2. The first external terminal electrodes 4 
described above are electrically connected to the first 
internal electrode and the second external terminal electrodes 
5 described above are electrically connected to the second 
internal electrode . 

[0008] When current flows from the first external 
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terminal electrodes 4 to the second external terminal 
electrodes 5, for example, as shown by arrows in Fig. 12, if* 
this structure, m agnetic fluxes are generated whose directions 
are determined in accordance with the direction of the current 
to produce self inductance components. Since the magnetic 
fluxes in different directions exist in a part portion in 
which currents having different directions flow, for example, 
in a part portion surrounded by a broken circle 6 shown by a 
broken circle , the magnetic fluxes are offset, resulting in a 
reduction in the magnetic fluxes. Accordingly, it is possible 
to decrease the ESL. 

[0009] The decoupling capacitor in a power supply 

circuit that supplies power to the chip of the MPU of, for 
example, a personal computer is used for noise absorption and 
for smoothing against a variation in the power supply. 

[0010] Fig. 13 is a block diagram schematically showing 

an example of the structure in which an MPU is connected to a 
power supply unit . 

[0011] An MPU 11 includes an MPU chip 12 and a memory 

13. A power supply unit 14 supplies power to the MPU chip 12, 
and a decoupling capacitor 15 is connected to the circuit 
between the power supply unit 14 and the MPU chip 12 . 

[0012] When, for example, a multilayer ceramic 

capacitor is used in an application , such as the decoupling 
capacitor described above, there is a problem in that it is 
difficult for the multilayer ceramic capacitor to stably 
operate in a higher frequency band because the multilayer 
ceramic capacitor is characterized by having a capacitance 
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variation of several percent and specific temperature 
characteristics. Hence, multiple multilayer ceramic 
capacitors having different capacitances are connected to each 
other in parallel to yicld produce a required impedance in a 
wider frequency band. 

[0013] However, the multilayer ceramic capacitor has 

sharp impedance characteristics because it has a high Q and, 
therefore, the peak tends to rise in a part portion where the 
impedance characteristics of the multiple multilayer ceramic 
capacitors are combined. This rise will be specifically 
described with reference to Fig-; — hA rS . 14A and 14B . 

[0014] Fig. — 14 includco Figs . 14A and 14B include graphs 

showing impedance characteristics in a case where multiple 
ceramic capacitors having different capacitances are connected 
to each other in parallel. Fig. 14-feefA shows the respective 
impedance characteristics of a multilayer ceramic capacitor 
having a capacitance of 0.1 jaF, a multilayer ceramic capacitor 
having a capacitance of 1 jiF, and a multilayer ceramic 
capacitor having a capacitance of 10 jaF. Fig. 14-fb-)-B shows 
combined impedance characteristics when these three multilayer 
ceramic capacitors are connected to each other in parallel. 

[0015] As shown in Fig. 14-tefA, the multilayer ceramic 

capacitors have sharp impedance characteristics. Accordingly, 
the peaks rise in parto portions where the impedance 
characteristics are combined to increase the impedance. As a 
result, there is a problem in that it is not possible to 
sufficiently reduce the noise in such a frequency band. 

[0016] In order to resolve thio the problem to decrease 
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the difference between the peaks and valleys in parto portions 
where the impedance characteristics are combined and to 
yicld produce flat impedance characteristics, as shown by a 
broken line in Fig. 14-£b-)-B, it is necessary to connect a 
resistor to the capacitors in series. In other words, 
connecting the resistor to the capacitors in series allows the 
Q to be reduced to lower the peaks in the part a p ortions where 
the impedance characteristics are combined, as shown by the 
broken line in Fig. 144bfB. 

[0017] However, if the resistance of the resistor 

connected in series is too high, the valleys rise, that is, 
the impedance increases while flat impedance characteristics 
can be yicldcd produced and, therefore, it is not possible to 
yield produce the required noise absorption characteristics. 

[0018] In order to inhibit the whole impedance 

characteristics from becoming too high while maintaining the 
flatness, a resistor having a minor resistance of, for example, 
one hundred and several tens mQ to several hundrcdo hundred mQ 
is required. 

[0019] However, since it is difficult to mount a 

resistor having such a minor resistance as a part separated 
from the capacitor and the number of parts is increased, an 
increased resistance of the capacitor itself, that is, an 
increased ESR is considered. 

[0020] It is sufficient to increase the resistance of 

the internal electrodes in order to increase the ESR of the 
multilayer ceramic capacitor, so that methods of (1) using a 
metal having a higher resistivity as the internal electrodes, 
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(2) decreasing the number of layers of the internal electrodes, 

(3) reducing the coverage of the internal electrodes, and so 
on are considered. However, since the characteristics of the 
capacitances^ etc. are greatly varied in adoption of when using 
such methods, there is a limit to yjre4^ producing a resistance 
of one hundred and several tens mQ to several hundrcdo hundred 
mfi using only-fey these methods. 

[0021] Narrowing extended portions of the internal 

electrodes in the multilayer ceramic capacitor having a 
general structure to increase the ESR is known (for example, 
refer to Patent Document 2 Japanese Utility Model Publication 
NO. 63-36677 ) . 

[0022] As described in Patent Document 2 Japanese 

Utility Model Publication No. 63-36677 , decreasing the width 
of the extended portions of the internal electrodes to 
increase the ESR does not require a rcoiotancc resistor to be 
provided as a part separated from the capacitor and does not 
have a greater impact on the characteristics^ such as the 
capacitance value, so that the decreased width of the extended 
portions of the internal electrodes can be valued ao oupcrior 
mcano considered a desirable structure for increasing the ESR. 

[0023] However, when such mcano a structure for 

increasing the ESR is applied to the multi -terminal capacitor 
described in, for example, Japanese Unexamined Patent Document 
-^ Application Publication No. 11-144996 , further decreasing the 
small width of the extended portions of the internal 
electrodes in the multi- terminal capacitor can cause the 
electrodes to be cut in severed during firing. Accordingly, 
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particularly in the multi-terminal capacitor, there is a limit 
to provide parto having providing a smaller width in the 
extended portions of the internal electrode and to further 
do crcasc decr easing the width of thethese parts having the 
smaller width . Consequently, it is difficult to yicld produce 
a resistance of, for example, one hundred and several tens mfi 
to several hundreds- mQ. 

Patent Document 1 : Japanese Unexamined Patent Application 
Publication No. 11 144996 (Figo. 1 and 1 8 ) 

Patent Document 2 : — Japanese Utility Model Publication No. — 6^— 
36677 

Disclosure of Invention 

Problems to be Solved by the Invention 

It is an object 

SUMMARY OF THE INVENTION 

[0024] In order to overcome the problems described above, 

preferred embodiments of the present invention ^o— provide a 
multilayer capacitor that is capable of resolving the above 
problems and that has means for increasing the ESR and a 
method of manufacturing the multilayer capacitor. 
Means for Solving the Problems 

[0025] ¥&e — One preferred embodiment of the present 

invention is directed to a multilayer capacitor including a 
main body that is a rectangular prism having two main surfaces 
opposed to each other and four side sur faces connecting the 
main surfaces to each other, that the main body has a layered 
structure— and that includes a plurality of dielectric layers 
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that extends in the direction in which the main surfaces 
extend in the direction in which the main surfaces extend and 
that is are layered on top of one another and . The 
multilayer capacitor further includes at least one pair of 
first and second internal electrodes that are provided along 
ccrtain arranged along particular boundary sur faces between the 
dielectric layers and that are opposed to each other so as to 
form generate an electrostatic capacitance-^ and first and 
second external terminal electrodes formed p rovided on an 
external surface of the main body so as to be electrically 
connected to the first and second internal electrodes, 
respectively . 

[0026] In this multilayer capacitor, each of the first 

and second internal electrodes has a capacitance generating 
portion functioning go ao to form to generate the electrostatic 
capacitance, a terminal connecting portion connected to the 
external terminal electrode, and an extended portion 
connecting the capacitance generating portion to the terminal 
connecting portion. In order to resolve the technical 
problems described above, the extended portion of at least one 
of the internal electrodes is characterized by being curved in 
the direction of its thickness , that is, in a direction that 
is substantially perpendicular to a plane including the 
internal electrode . 

[0027] The multilayer capacitor according to the 

present invent ion pref erred embodiment preferably further 
includes a dummy electrode formed arranged so as to be layered 
on the terminal connecting portion of the internal electrode 



8 



with a dielectric layer disposed therebetween, by a 
manufacturing method described below. 

[0028] The extended portion curved in the direction of 

its thickness is preferably narrower than the capacitance 
generating portion and the terminal connecting portion. 

[0029] The extended portion curved in the direction of 

its thickness is preferably thinner than the capacitance 
generating portion and the terminal connecting portion. 

[0030] At least one pair of the internal electrodes in 

the multilayer capacitor according to the prcocnt invention io 
another preferred embodiment is p referably provided near the 
main surface of the main body, opposing a mounting surface. 

[0031] The prcocnt invention io above-described 

preferred embodiments are advantageously applicable to a 
multi-terminal capacitor, that is, to a multilayer capacitor 
in which the first and second external terminal electrodes are 
alternately arranged along a ccrtain particular side sur face of 
the main body. 

[0032] The Another preferred embodiment of the present 

invention is aloo directed to a method of manufacturing the 
multilayer capacitor described above. The multilayer 
capacitor includes a main body that is a rectangular prism 
having two main surfaces opposed to each other and four side 
sur faces connecting the main surfaces to each other, that the 
main body has a layered structure— and that includes a 
plurality of dielectric layers that extends in the direction 
in which the main surfaces extend and that io are layered on 
top of one another and . The multilayer capacitor further 
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includes at least one pair of first and second internal 
electrodes that are provided arranged along ccrtain particular 
boundary sur faces between the dielectric layers and that are 
opposed to each other so as to form generate an electrostatic 
capacitancer^_ and first and second external terminal 
electrodes formed provided on an external surface of the main 
body so as to be electrically connected to the first and 
second internal electrodes, respectively. Each of the first 
and second internal electrodes has a capacitance generating 
portion functioning oo aa to form to generate the electrostatic 
capacitance, a terminal connecting portion connected to the 
external terminal electrode, and an extended portion 
connecting the capacitance generating portion to the terminal 
connecting portion. The extended portion of at least one of 
the internal electrodes is curved in the direction of its 
thickness . 

[0033] The method of manufacturing the multilayer 

capacitor, according to the present invent ion pref erred 
embodiment , includes steps of preparing a plurality of ceramic 
green sheets, which serves as the dielectric layersr_/_ forming 
the internal electrode on the ceramic green sheet-r^ forming a 
dummy electrode on the ceramic green sheet so as to be 
overlapped e* *with the terminal connecting portion of the 
internal electrode-^ layering and pressing the plurality of 
ceramic green sheets in order to yicld provide the main body in 
a raw an unfired stater^ and firing the main body in the raw 
□tatc . 

[0034] The step of layering and pressing the ceramic 
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green sheets ia characterized by including includes a step of 
pressing part a portion of the ceramic green sheets provided 
between the capacitance generating portions of the internal 
electrodes and between the terminal connecting portion and the 
dummy electrode so as to flex toward the extended portion of 
the internal electrode to curve the extended portion in the 
direction of its thickness. 

[0035] In the method of manufacturing the multilayer 

capacitor- according to the present invent ion pref erred 
embodiment , the step of forming the dummy electrode preferably 
includes a step of forming the dummy electrode on the a 
ceramic green sheet having no internal electrode 
f ormed provided thereon. In this case, the step of layering 
and pressing the ceramic green sheets preferably includes a 
step of layering and preliminarily pressing the ceramic green 
sheet having the dummy electrode f ormed pro vi ded thereon^ but 
having no internal electrode f ormed provided thereon^ to flex 
part a portion of the ceramic green sheet and to curve the 
inner edge of the dummy electrode in the layering direction^ 
and a step of layering and preliminarily pressing the ceramic 
green sheet having the internal electrode f ormed provided 
thereon to curve the extended portion in the direction of its 
thickness along the curvature of the inner edge of the dummy 
electrode. 

[0036] In the preferable aspccto ln the present 

preferred embodiment described above, the step of forming the 
dummy electrode preferably further includes a step of forming 
the dummy electrode on the ceramic green sheet having the 
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internal electrode f ormcd provided thereon. 
Advantage a of the Invention 

[0037] According to the multilayer capacitor according 

to the prcocnt invent ion above preferred embodiment of the 
multilayer capacitor , since the extended portion of at least 
one of the internal electrodes is curved in the direction of 
its thickness, the effective length of the extended portion 
can be increased. Accordingly, it is possible to increase the 
ESR with a minor resistance of, for example, one hundred and 
several tens mQ to several hundreds mQ without greatly 
decreasing the width of the extended portion and, therefore, 
resolving the problems— such as the electrode that is 
eut- severed during firing . 

[0038] Consequently, the multilayer capacitor according 

to the prcocnt invention pref erred embodiments described above 
contributes to providing flat impedance characteristics and 
can be advantageously used as a decoupling capacitor for noise 
absorption and for smoothing againot a variation in the power 
supply in, for example, an MPU. 

[003 9] Further providing the dummy electrode formed so 

as to be layered on the terminal connecting portion of the 
internal electrode with a dielectric layer disposed 
therebetween can improve the reliability of the connection 
between the internal electrode and the external terminal 
electrode . 

[0040] Making the extended portion curved in the 

direction of its thickness narrower than the capacitance 
generating portion and the terminal connecting portion or 
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making the extended portion curved in the direction of its 
thickness thinner than the capacitance generating portion and 
the terminal connecting portion can easily increase the ESR. 

[0041] Providing at least one pair of the internal 

electrodes near the main surface of the main body, opposing 
the mounting surface, decreases a minimum current loop 
f ormcd provided between the first and second external terminal 
electrodes so as to contribute to decreasing the ESL . In 
addition, this reduces a stray capacitance f ormcd generated 
between the multilayer capacitor and the mounting surface and 
prevents secondary resonance from being caused in a higher 
frequency band. 

[0042] In the case of the multi -terminal capacitor in 

which the first and second external terminal electrodes are 
alternately arranged along a ccrtain p articular side sur face of 
the main body, since the widths of the extended portions and 
the terminal connecting portions are originally small, there 
is a limit to further dccrcaoc decreasing the widths. 
Accordingly, curving the extended portion in the direction of 
its thickness to increase the ESR, as in the present 
invent ion pref erred embodiments above , can be valued ao 
mcana considered as a desirable structure for effectively 
avoiding the electrode that is a^ -severed during firing, and 
so on. 

[0043] According to the method of manufacturing the 

multilayer capacitor, according to the prcacnt invention, 
since the dummy electrode is formed to flex part a portion of 
the ceramic green sheet jr ftduring the pressing of the layered 
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ceramic green sheet and to curve the extended portion in the 
direction of its thickness, no special process for curving the 
extended portion is required, thus efficiently manufacturing 
the multilayer capacitor described above-? — according to the 
prcocnt invention . 

[0044] In the method of manufacturing the multilayer 

capacitor- according to the prcocnt invent ion various preferred 

embodiments described above , forming the dummy electrode on 

the ceramic green sheet having no internal electrode 

f ormed provided thereon and layering and preliminarily pressing 

the ceramic green sheet having the dummy electrode 

f ormed provided thereon^ but having no internal electrode 

f ormed p rovided thereon^ to curve the inner edge of the dummy 

electrode in the layering direction and, then, layering and 

preliminarily pressing the ceramic green sheet having the 

internal electrode f ormed provided thereon to curve the 

extended portion in the direction of its thickness along the 

curvature . of the inner edge of the dummy electrode can surely 

provide the curvature of the extended portion. 

[0045] In the above -described case, forming the dummy 

electrode aloo on the ceramic green sheet having the internal 
electrode f ormed provided thereon causes more flexure flexing of 
the ceramic green sheets in the pressing. As a result, it is 
possible to curve the extended portion to a greater extent. 

[0046] Other features, elements, steps, characteristics and 
advantages of the present invention will become more apparent 
from the following detailed description of preferred 
embodiments of the present invention with reference to the 
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attached drawings. 



Brief Description of the Drawinga BRIEF DESCRIPTION OF THE 

DRAWINGS 

[0047] 4Fig. 1] Fig. 1 is an external view of a multi- 

terminal capacitor S^according to a first preferred 
embodiment of the present invention. 

[0048] [Fig . — 2-] — Fig. — 2 includca plan views ahowing the 

internal structure of the multi terminal capacitor 21 shown in 
Fig. — 3tt — and Figs. 2-fa^-A to 2-fd^ — show D include plan views 
showing different cross sections of the internal structure of 
the multi -terminal capacitor shown in Fig. 1 . 

[0049] [Fig . — 3-}— Fig. 3 is an enlarged plan view of part a 

portion of a first internal electrode 3-0— shown in Fig. 

[0050] [Fig. 4] Fig. 4 is an enlarged cross -sect ional front 

view showing part a portion of the internal structure of the 
multi -terminal capacitor Si-shown in Fig. 1. 

[0051] [Fig . — Er] — Fig. 5 is a cross -sect ional view showing a 

state during a process of layering and pressing ceramic green 
sheets in order to manufacture the multi-terminal capacitor 2i 
shown in Fig. 1. 

[0052] [Fig . — 6-] — Fig. — 6 includcs Figs . 6A and 6B include 

diagrams corresponding to Figs. 24&fB and 2-fefC, according to 
a second preferred embodiment of the present invention. 

[0053] [Fig. — ^Fig. 7 is a diagram corresponding to Fig. 4, 

for illustrating the second preferred embodiment in Fig-: — fr s . 
6A and 6B . 

[0054] [Fig. 8 ] Fig. 8 is a cross -sect ional front view 
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showing a multilayer capacitor €4^for illustrating a first 
preferred embodiment relating to the arrangement of internal 
electrodes . 

[0055] [Fig . — 94— Fig. 9 is a cross-sectional front view 

showing a multilayer capacitor for illustrating a second 
preferred embodiment relating to the arrangement of the 
internal electrodes . 

[0056] [Fig. 10] Fig. 10 is a cross- sectional front view 

showing a multilayer capacitor 6-3— for illustrating a third 
preferred embodiment relating to the arrangement of the 
internal electrodes . 

[0057] [Fig . — Hr] Fig. 11 is a cross- sectional front view 

showing a multilayer capacitor 64— for illustrating a fourth 
preferred embodiment relating to the arrangement of the 
internal electrodes. 

[0058] [Fig . — 3r2-] Fig. 12 is a plan view schematically 

showing a conventional m ulti- terminal capacitor i— to which the 
present invention is applicable. 

[0059] [Fig . — 3r3-3 Fig. 13 is a block diagram 

schematically showing an example of the structure in which an 
MPU including a decoupling capacitor— iS, which is a typical 
application of the multi -terminal capacitor ^shown in Fig. 12, 
is connected to a power supply unit. 

[0060] [Fig. 14] Fig. 14 includca Figs . 14A and 14B 

include graphs showing impedance characteristics in a case 
where multiple ceramic capacitors having different 
capacitances are connected to each other in parallel, Fig. 
144*fA shows the respective impedance characteristics of the 



16 



multiple ceramic capacitors, and Fig. 144^4-B shows combined 
impedance characteristics when these ceramic capacitors are 
connected to each other in parallel. 

Reference Numerals 

24-; — 5-2 multi terminal capacitor — (multilayer capacitor) 

22r-, — 23 main surface 

24 to 27 — aide face 

— ■■ 2-8 main body 

2-9 dielectric layer 

3-9-; — 34 internal electrode 

32-; — 33 external terminal electrode 

34-7 — 3-7 capacitance generating portion 

3-5-t — 3-8 terminal connecting portion 

3-6-; — 3-9 extended portion 

44^ — 42-; — 53 dummy electrode 

43 to 4 5, — 54 arrow showing flexure of ceramic green 

sheet 

4-6-t — 4-7 press die 

46-7 — 4-9-; — 54 ceramic green sheet 

61 to 6 4 — multilayer capacitor 

£5 mounting surface 

Best Mode for Carrying Out the Invention 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0061] Preferred embodiments of a multi -terminal capacitor— 

which is an example of a multilayer capacitor, will now be 
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described. 

[0062] A first preferred embodiment of the present 

invention will be described with reference to Figs. 1 to 5 . 
Fig. 1 is an external view of a multi -terminal capacitor 21. 
Fig- — 2 includco s. 2A to 2D include plan views showing the 
internal structure of the multi- terminal capacitor 21, and 
showing the internal structure of the multi terminal capacitor 

^r-. Figs . — 2 (a) — t-e — — show different cross sections of the 

multi-terminal capacitor 21. 

[0063] The multi -terminal capacitor 21 preferably has a 

substantially rectangular prismatic main body 2 8 including two 
main surfaces 22 and 2 3 opposed to each other and four side 
sur faces 24, 25, 26, and 27 connecting the main surface 22 to 
the main surface 23, as shown in the external view in Fig. 1. 

[0064] The main body 28 has a layered structure and 

includes a plurality of dielectric layers 29 that extends 
extend in the direction in which the main surfaces 2 2 and 23 
extend and that io are layered on top of one another^ and at 
least one pair of first and second internal electrodes 30 and 
31 that are provided along ccrtain particular boundary sur faces 
between the dielectric layers 29 and that are opposed to each 
other so as to form generate an electrostatic capacitance. 
Each of the dielectric layers 29 is preferably m ade of, for 
example, a ceramic dielectric body. 

[0065] A cross section through which the first internal 

electrode 30 extends is shown in Fig. 2-9&H3 and a cross 
section through which the second internal electrode 31 extends 
is shown in Fig. 2-(-e->-C. 
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[0066] Specifically, as shown in Figs. 1 and 2 A to 2D , 

first and second external terminal electrodes 32 and 33 are 
formed arranged on the external surfaces of the main body 2 8 
so as to extend from the main surface 22 to the main surface 
23 along the side sur face 24 or 26 opposed to each other. 
More particularly, two pairs of the first and second external 
terminal electrodes 32 and 33 are alternately arranged along 
the side sur face 24 and two pairs of the first and second 
external terminal electrodes 32 and 3 3 are alternately 
arranged along the side sur face 26. 

[0067] The first and second external terminal 

electrodes 32 and 33 are electrically connected to the first 
and second internal electrodes 3 0 and 31, respectively. This 
electrical connection will now be described in detail. 

[0068] The first internal electrode 30 has a 

capacitance generating portion 34 functioning oo ao to form to 
generate the electrostatic capacitance, terminal connecting 
portions 35 connected to the first external terminal 
electrodes 32, and extended portions 36 connecting the 
capacitance generating portion 34 to the terminal connecting 
portions 35, as shown in Fig. 2 (b) . B. Fig. 3 is an enlarged 
view of part a portion of the first internal electrode 30, 
that is, of one of the terminal connecting portions 35 and the 
corresponding extended portion 36. 

[0069] The second internal electrode 31 has a 

capacitance generating portion 37 that is opposed to the 
capacitance generating portion 34 of the first internal 
electrode 3 0 and that functions ao go to form to generate the 
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electrostatic capacitance, terminal connecting portions 3 8 
connected to the second external terminal electrodes 33, and 
extended portions 3 9 connecting the capacitance generating 
portion 37 to the terminal connecting portions 38, as shown in 
Fig. 24efC. 

[0070] The extended portions 3 6 described above are 

narrower than the capacitance generating portion 34 and the 
terminal connecting portions 35, and the extended portions 39 
described above are narrower than the capacitance generating 
portion 3 7 and the terminal connecting portions 38. In 
addition, the extended portions 36 and 39 are curved in the 
direction of their thickness. One of the curved extended 
portions 36 of the first internal electrode 30 is shown in Fig. 
4. Fig. 4 is an enlarged cross- sectional front view showing 
part a portion of the internal structure of the mult i- terminal 
capacitor 21. Referring to Fig. 4, the extended portion 36 of 
the first internal electrode 3 0 is within a range 40 shown by 
a double sided arrow. 

[0071] The multi -terminal capacitor 21 has dummy 

electrodes 41 and 42. The dummy electrodes 41 are formed 
arranged so as to be layered on the terminal connecting 
portions 35 of the first internal electrode 30, and the dummy 
electrodes 42 are f ormcd arranged so as to be layered on the 
terminal connecting portions 38 of the second internal 
electrode 31 , with a respective dielectric layer disposed 
therebetween . According to this preferred embodiment, the 
dummy electrodes 41 are f ormcd arranged so as to extend toward 
positions opposed to the lengthwise intermediate parta 
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portions of the extended portions 3 6 of the first internal 
electrode 30, and the dummy electrodes 42 are f ormcd ar ranged 
so as to extend toward positions opposed to the lengthwise 
intermediate parto portions of the extended portions 3 9 of the 
second internal electrode 31. 

[0072] The dummy electrodes 41 are provided above the 

internal electrodes 30 and 31 and are f ormcd arranged along 
boundary sur faces between the dielectric layers 2 9 having no 
internal electrodes f ormcd arranged thereon, as shown in Figs. 
-2-2A and 4. In contrast, the dummy electrodes 42 are provided 
below the internal electrodes 30 and 31 and are f ormcd arranged 
along boundary sur faces between the dielectric layers 29 
having no internal electrodes f ormcd arranged thereon, as shown 
in Figs . 24dfD and 4 . 

[0073] A method of manufacturing the mult i -terminal 

capacitor 21 described above will now be described. 

[0074] First, a plurality of ceramic green sheets, 

which serves- as the dielectric layers 29, is prepared. 

[0075] Next, the dummy electrodes 41 shown in Fig. 

24etfA are f ormcd arranged on a ccrtain particular ceramic green 
sheet, the first internal electrode 3 0 shown in Fig. 2-fkfB is 
f ormcd arranged on another ceramic green sheet, the second 
internal electrode 31 shown in Fig. 24efC is f ormcd arranged on 
another ceramic green sheet, and the dummy electrodes 42 shown 
in Fig. 24dfD are f ormcd arranged on another ceramic green 
sheet. The dummy electrodes 41 and 42 and the internal 
electrodes 3 0 and 31 are formed by printing conductive pastes 
on the ceramic green sheets. 
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[0076] Next, the plurality of ceramic green sheets are 

layered in a certain order and pressed in the layering 
direction in order to yicld produce the main body 28 in a raw an 
unf ired state. Cutting is subsequently performed, if required. 

[0077] Fig. 4 shows a state after firing in which the 

ceramic green sheets are sintered to form the dielectric 
layers 29. Flexure Flexing of the ceramic green sheets 
corresponding to the dielectric layers 29 is shown by arrows 
43 to 45 in Fig. 4. 

[0078] In the process of pressing the ceramic green 

sheets layered in the manner described above, part a portion 
of the ceramic green sheets flex from part a portions where the 
internal electrodes 3 0 and 31 and the dummy electrodes 41 and 
42 are overlapped on the ceramic green sheets to parts 
portions where the internal electrodes 3 0 and 31 and the dummy 
electrodes 41 and 4 2 are not overlapped thereon due to the 
thicknesses of the internal electrodes 30 and 31 and the dummy 
electrodes 41 and 42 constraining the ceramic green sheets, as 
described below . 

[0079] Specifically, part a portion of the ceramic green 

sheets provided between the capacitance generating portion 34 
of the internal clcctrodca electrode 30 and the capacitance 
generating portion 37 of the internal electrode 31 flex toward 
the extended portions 36 of the internal electrode 3 0 and the 
extended portions 3 9 of the internal electrode 31, as shown by 
arrows 43. Part A portion of the ceramic green sheets provided 
between the terminal connecting portions 3 5 and 3 8 of the 
internal electrodes 30 and 31 and the dummy electrodes 41 and 
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42 flex toward the extended portions 3 6 of the internal 
electrode 3 0 and the extended portions 3 9 of the internal 
electrode 31, as shown by arrows 44 and 45. The flcxurc This 
flexing acts so aa to curve the extended portions 36 and 3 9 in 
the direction of their thickness, as described above. 

[0080] In order to ourcly reliably curve the extended 

portions 36 and 39, it is preferable to adopt use the following 
method. 

[0081] Fig. 5 shows a state during the process of 

layering and pressing the ceramic green sheets. Part A portion 
of an upper press die 4 6 and part a portion of a lower press 
die 47 are shown in Fig. 5. 

[0082] As shown in Fig. 5, some ceramic green sheets 4 8 

having no internal electrode electrodes and no dummy 
electrodes f ormcd arranged thereon are layered and, then, some 
ceramic green sheets 4 9 having the dummy electrodes 42 
f ormcd arranged thereon are layered. Bringing the upper press 
die 46 close to the lower press die 47 at this stage causes 
the ceramic green sheets 48 and 49 to be preliminarily pressed 
against each other. 

[0083] Although steps are formed due to the thicknesses 

of the dummy electrodes 42 cxiot, part , a portion of the 
ceramic green sheets 48 and 49 flex in a direction e-£ 
rcducing that makes the steps more gradual , as shown by arrows 
50, in the above - de scr ibed pressing process . As a result, the 
inner edges of the dummy electrodes 42 are curved in the 
layering direction. The arrows 50 correspond to the arrows 45 
in Fig. 4 . 



23 



[0084] Next, a ceramic green sheet-s 51 having the 

second internal electrode 31 f or me d ar range d thereon and a 
ceramic green sheet 51 having the first internal electrode 3 0 
f ormcd arranged thereon are alternately layered, and are 
preliminarily pressed with the upper press die 46 and the 
lower press die 47. This pressing curves the extended 
portions 3 6 of the internal electrode electrodes 30 and the 
extended portions 3 9 of the internal electrode electrodes 31 
in the direction of their thickness along the curvature of the 
inner edges of the dummy electrodes 42 described above. The 
curvature of the extended portions 3 6 of the first internal 
electrode 30, shown in Fig. 4, is given created by the above^ 
described process . 

[0085] Since the thicknesses of the capacitance forming 

un-ife -generating portion 34 of the internal electrode 30 and the 
capacitance forming unit generating portion 3 7 of the internal 
electrode 31 are superimposed on the thicknesses of the dummy 
electrodes 41 and 42 after the process of further layering and 
pressing the ceramic green sheets 50 having the internal 
electrode 3 0 or 31 f ormcd arranged thereon and the process of 
layering and pressing the ceramic green sheets having the 
dummy electrodes 41 f ormcd arranged thereon are performed, the 
curvature of the extended portions 3 6 and 3 9— described above— 
is increased. 

[0086] When the extended portions 3 6 and 3 9 are curved 

in the manner described above, the extended portions 3 6 and 3 9 
are thinner than the capacitance generating portions 34 and 37 
and the terminal connecting portions 35 and 38. This 
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contributes to an increase in the ESR. 

[0087] Next, the ^ewunfired main body 28 manufactured 

in the manner described above is fired to provide the main 
body 28 for the multi- terminal capacitor 21. The first and 
second external terminal electrodes 3 2 and 3 3 are formed on 
the external surface of the main body 2 8 by baking, for 
example, the conductive paste^ and the multi -terminal 
capacitor 21 is brought to complct ion thus produced . 

[0088] Expcrimcnt Experimental examples performed 

according to the preferred embodiments described above will 
now be described in order to confirm the of f cct ef f ects of the 
present invent ion will now be dcocribod . 

[0089] In these experiment experimental examples, multi - 

terminal capacitors each having the appearance shown in Fig. 1 
are manufactured according to Samples 1 to 6 shown in Table 1. 
Each of the multi -terminal capacitors has eight external 
terminal electrodes and is designed so as to have an 
electrostatic capacitance of 0.047 ^iF. 



+Table If 



Sample 
No. 


Dummy 
Electrode 


Narrow 
Extended 
Portion 


Curvature 
of 

Extended 
Portion 


Thickness of 
Internal Electrode 


0.65 jam 


0.85 |im 


1 


Above and 
below 


Present 


Large 


15 0 mQ 


13 5 mQ 


2 


Above and 
below 


Absent 


Small 


10 0 mQ 


7.5 mQ 


3 


None 


Present 


Middle 


12 5 mQ 


10 0 mQ 


4 


None 


Absent 


Minor 


9 0 mQ 


65 mQ 


5 


Only 
above 


Present 


Middle 


13 0 mQ 


110 mQ 


6 


Only 
below 


Present 


Middle 


13 5 mQ 


12 5 mQ 
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7 


None 


Absent 


None 


85 mQ 


61 mQ 



[0090] In order to yicld produce the main body of the multi - 

terminal capacitor— in Sample 1, the internal electrodes and 
the dummy electrodes were formed on ceramic green sheets by 
screen printing by uoing with a conductive paste containing 
nickel. Six ceramic green sheets having the internal 
electrodes f ormcd ar ranged thereon were layered, five ceramic 
green sheets having the dummy electrodes f ormcd ar ranged 
thereon were layered both above and below the ceramic green 
sheets having the internal electrodes f ormcd arranged thereon, 
and a plurality of ceramic green sheets having no internal 
electrodes and no dummy electrodes formed thereon was layered 
both above and below the ceramic green sheets having the dummy 
electrodes formed thereon. The ceramic green sheets were 
pressed in the layering direction and fired to yicld produce 
the main body of the multi- terminal capacitor— having 
dimensions of about 2 . 0 mm x 1 . 25 mm x 0 . 55 mm. 

[0091] In order to yicld produce the main body of the 

multi-terminal capacitor according to Sample 1, the terminal 
connecting portions of the internal electrodes had a width of 
about 15 0 |im in application , and the extended portions had a 
width of about 80 (am and a length of about 100 [am in the 
application . As shown in the column ^Thickness of Internal 
Electrode-"-^ in Table 1, two kinds of internal electrodes 
having an application thickness of about 0.65 jam and having an 
application thickness of about 0.8 5 (am were manufactured. 
[0092] As shown in Table 1, the main body of the multi - 
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terminal capacitor according to Sample 2 differs from that 
according to Sample 1 in that the internal electrodes did not 
have the narrow extended portions. The main body of the 
multi-terminal capacitor according to Sample 3 differs from 
that according to Sample 1 in that the main body did not have 
the dummy electrodes. The main body of the multi -terminal 
capacitor according to Sample 4 differs from that according to 
Sample 1 in that the main body did not have the dummy 
electrodes and the internal electrodes did not have the narrow 
extended portions. The main body of the multi- terminal 
capacitor according to Sample 5 differs from that according to 
Sample 1 in that the main body had the dummy electrodes only 
above the layered internal electrode. The main body of the 
multi-terminal capacitor according to Sample 6 differs from 
that according to Sample 1 in that the main body had the dummy 
electrodes only below the layered internal electrode. The 
main body of the multi -terminal capacitor according to Sample 
7 differs from that according to Sample 1 in that the main 
body did not have the dummy electrodes and the internal 
electrodes did not have the narrow extended portions. In 
addition, the extended portions according to Samples 1 to 6 
were curved, whereas the extended portions according to Sample 
7 were not curved. 

[0093] In the baking for yiolding producing the main 

body of the multi -terminal capacitor, the oxygen concentration 
was adjusted to set the coverage of the internal electrodes to 
a value of about 65% or more without evaporation of the 
internal electrodes. 
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[0094] A barrel pot was filled with the main body of 

the multi -terminal capacitor according to each sample, a 
barrel medium, and purified water-? — aft d. Then grinding was 
performed by the use of a centrifugal barrel finishing machine 
such that the terminal connecting portions of the internal 
electrodes were surely exposed on the side sur faces of the 
main body of the multi -terminal capacitor. 

[0095] Then, in order to form the external terminal 

electrodes electrically connected to the terminal connecting 
portions of the internal electrodes, a conductive paste 
containing copper was applied to predetermined positions on 
the side sur faces of the main body of the multi -terminal 
capacitor and the applied conductive paste was baked by the 
use of a continuous furnace. Furthermore, nickel plating 
having a thickness of about 2 jam was applied on the surfaces 
of the external terminal electrodes, and tin plating having a 
thickness of about 4 |im was applied on the nickel plating. 

[0096] The ESRs of the multi- terminal capacitors 

according to the samples— manufactured in the manner described 
above— were measured. The results are shown in the columns 
below the column for -"-^Thickness of Internal Electrode-"-^ in 
Table 1. In addition, the electrostatic capacitances of the 
multi -terminal capacitors according to the samples were 
measured. The multi-terminal capacitors having measured 
values of the electrostatic capacitance, which arc were 9 0% or 
less of a planned value of 0.047 |iF, were classified into as 
bad ones and the incidence of the bad ones was calculated. 
The results are shown in columns below a column for "Thickness 
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of Internal Electrode" in Table 2.4 



Table 2f 



Sample No. 


Thickness of Internal Electrode 


0.65 jam 


0.85 (am 


1 


0% 


0% 


2 


0% 


0% 


3 


3 .1% 


0.6% 


4 


3.5% 


0 . 5% 


5 


0% 


0% 


6 


0% 


0% 



[0097] As apparent from Table 1, on the assumption that a 

desired ESR value is about 15 0 mQ, this desired value can be 
achieved if the thickness of the internal electrodes according 
to Sample 1 is act to about 0.65 jxm. In addition, an ESR value 
exceeding about 100 mQ can also be achieved aloo if the 
thickness of the internal electrodes according to Sample 1 is 
□ct to about 0.85 ym^ and also in Samples 5 and 6. 

[0098] In comparison of Sample 4 to Sample 7, Sample 4^ 

which was manufactured such that the extended portions are 
curved by increasing the pressure in the pressing of the 
ceramic green sheets^ had ESR values slightly higher than 
those of Sample 7. 

[0099] In comparison between Samples 1 to 7, higher ESR 

values were achieved in the ascending order of Samples 7, 4, 2, 
3, 5, 6, and 1. This means that higher curvatures of the 
extended portions of the internal electrodes were achieved in 
the ascending order of Samples 7 , 4, 2, 3, 5, 6, and 1 and, 
therefore, longer effective lengths of the extended portions 
were achieved in the same ascending order. 
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[0100] In comparison between Samples 1, 5, and 6, 

higher ESR values were achieved in the ascending order of 5, 6, 
and 1. This comparison shows that higher ESR values can be 
achieved in the case where the dummy electrodes are formed 
arranged only below the layered internal electrodes, compared 
with the case where the dummy electrodes are f ormcd arranged 
only above the layered internal electrodes, and that the 
highest ESR values can be achieved in the case where the dummy 
electrodes are f ormcd arranged both above and below the layered 
internal electrodes . 

[0101] Referring to Table 2, in comparison of Samples 1, 

2, 5, and 6 having the dummy electrodes to Samples 3 and 4 
having no dummy electrodes, the formation of the dummy 
electrodes improve the reliability of the electrical 
connection between the internal electrodes and the external 
electrodes to inhibit failures^ including a lack of the 
electrostatic capacitance from occurring. 

[0102] Figs. € -6A, 6B, and 7 illustrate a second 

preferred embodiment of the present invention. Fig-; — & 
corresponds to Fig. — 5- s . 6A and 6B correspond to Figs. 2A to 2D 
and, specifically, Fig. 6 -fa-)- A corresponds to Fig. 2B and Fig. 
6B corresponds to Fig. 2 4b-) — and Fig. — &^h^ — corresponds to Fig. 
2(c) . C. Fig. 7 corresponds to Fig. 4. The same reference 
numerals are used in Figs. £6A, 6B, and 7 to identify the same 
elements component a shown in Figs. 2- 2A to 2D and 4. A 
detailed description of those elements is therefore omitted 
herein. 

[0103] A multi -terminal capacitor 52 according to the 
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second preferred embodiment is characterized in that dummy 
electrodes 53 are f ormod ar ranged on the ceramic green sheets 
having the internal electrodes 3 0 and 31 formed provided 
thereon . 

[0104] According to the second preferred embodiment, as 

shown in Fig. 7, the ceramic green sheets flex in directions 
shown by arrows 54 due to the thicknesses of the dummy 
electrodes 53. The f 1 cxurc f 1 exi ng of the ceramic green sheets 
in the directions shown by the arrows 54 increases the 
curvature of the extended portions 3 6 and 39 of the internal 
electrodes 3 0 and 31, respectively. 

[0105] Figs. 8 to 11 illustrate various preferred 

embodiments relating to the arrangement of the internal 
electrodes and are cross-sectional front views of multilayer 
capacitors. The same reference numerals are used in Figs. 8 
to 11 to identify the same elements shown in, for example, 
Figs. 1 to 4 . A detailed description of those elements is 
therefore omitted herein. The curvature of the extended 
portions of the internal electrodes 3 0 and 31 is omitted in 
Figs. 8 to 11. 

[0106] Since one of objectives of the multilayer 

capacitor according to the preferred embodiments of the 
present invention io to incrcaoc thc provide an increased ESR, 
a smaller number of the internal electrodes are normally 
layered. Accordingly, a-s— in a multilayer capacitor 61 shown 
in Fig. 8, the internal electrodes 30 and 31 are often 
provided in the middle parto portions in the layering 
direction of the main body 28. As a result, when the 
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multilayer capacitor 61 is mounted on a mounting surface 65 
shown by a long and short dashed line, a minimum current loop 
formed between the first and second external terminal 
electrodes 32 and 33 becomes relatively large to increase the 
ESL. In addition, a larger stray capacitance is 
f ormcd generated between the multilayer capacitor 61 and the 
mounting surface 65 and, therefore, it is likely to cause 
secondary resonance in a higher frequency band. 

[0107] The above problems can be resolved by 

adopt ing using multilayer capacitors 62 to 64 shown in Figs. 9 
to 11, respectively. 

[0108] In the multilayer capacitor 62 in Fig. 9, all 

the internal electrodes 30 and 31 are provided near the main 
surface 2 3 of the main body 28, opposing the mounting surface 
65 . 

[0109] In the multilayer capacitor 63 in Fig. 10, one 

pair of the first and second internal electrodes 30 and 31 is 
provided near the main surface 2 3 of the main body 28, 
opposing the mounting surface 65. 

[0110] In the multilayer capacitor 64 in Fig. 11, one 

pair of the first and second internal electrodes 30 and 31 is 
provided near the main surface 2 3 of the main body 28, 
opposing the mounting surface 65, and another pair of the 
first and second internal electrodes 30 and 31 is provided 
near the main surface 22 of the main body 28. There is no 
need to consider the orientation of the multilayer capacitor 
64 in the mounting thereof in Fig. 11. 

[0111] According to the multilayer capacitors 62 to 64 
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shown in Figs. 9 to 11, the minimum current loop can be 
reduced in size. With regard to at least one pair of the 
internal electrodes for reducing 4r&r- the size of the minimum 
current loop, the surfaces having the internal electrodes 
formed provided thereon are not necessarily required to be 
opposed to each other. The edges of the internal electrodes 
may be opposed to each other. 

[0112] Although the present invention io preferred 

embodiments are mainly described above with respect to the 
multi-terminal capacitors, the present invention is not 
limited to the multi-terminal capacitor. The present 
invention is also applicable to a multilayer capacitor having 
a general structure. 

[0113] Although the extended portions 3 6 and 3 9 of the 

internal electrodes 30 and 31 are narrower than the 
capacitance generating portions 34 and 37 and the terminal 
connecting portions 35 and 38 in the above -described preferred 
embodiments shown in the figures, the widths of the extended 
portions may be equal to the width of the capacitance 
generating portion, may be equal to the width of the terminal 
connecting portions, or may be equal to the widths of the 
capacitance generating portion and the terminal connecting 
portions. Furthermore, the extended portions may be wider 
than the capacitance generating portion, may be wider than the 
terminal connecting portions, or may be wider than the 
capacitance generating portion and the terminal connecting 
portions. 

[0114] While preferred embodiments of the present 
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invention have been described above, it is to be understood 
that ■ variations and modifications will be apparent to those 
skilled in the art without departing the scope and spirit of 
the present invention. The scope of the present invention, 
therefore, is to be determined solely by the following claims. 
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